Olfaction guides goal-directed behaviours including feeding. To investigate how central 38 olfactory neural circuits control feeding behaviour in mice, we performed retrograde 39 tracing from the lateral hypothalamus (LH), an important feeding centre. We observed a 40 cluster of retrogradely labelled cells distributed in the posteroventral region of the 41 olfactory peduncle. Histochemical analyses revealed that a majority of these 42 retrogradely labelled projection neurons expressed glutamic acid decarboxylase 65/67 43 (GAD65/67), but not vesicular glutamate transporter 1 (VGluT1). We named this region 44 with GABAergic projection neurons the ventral olfactory nucleus (VON) to 45 discriminate it from the conventional olfactory peduncle. VON neurons were less 46 immunoreactive for DARPP-32, a striatal neuron marker, in comparison to those in the 47 olfactory tubercle and nucleus accumbens, which distinguished the VON from the 48 ventral striatum. Fluorescent labelling confirmed synaptic contacts between VON 49 neurons and olfactory bulb projection neurons. Rabies-virus-mediated trans-synaptic 50 labelling revealed that VON neurons received synaptic inputs from the olfactory bulb, 51 other olfactory cortices, horizontal limb of the diagonal band, and prefrontal cortex.
Introduction
retrogradely-spreading adeno-associated virus (AAV) encoding EGFP 140 8 / 30 ) into the LH of the transgenic mice . EGFP-labelled 141 dendrites of the VON neurons were innervated by tdTomato-labelled axons of M/TCs 142 (Fig. 4A, B ), suggesting that VON neurons receive axonal synaptic inputs in layer Ia of 143 the olfactory cortex. Notably, dendrites of VON neurons did not innervate DARPP-32 144 strongly immunoreactive regions, the NAc and OT (Fig. 4B ). 145 We next performed immunostaining for VGluT1, a presynaptic marker of AAV-mediated expression of the EnvA receptor (TVA) and rabies glycoprotein [22] [23] [24] [25] . 159 This labelling also revealed input pathways to the VON neurons in whole brain regions. 160 To achieve selective initial infection of VON neurons by the rabies virus, we used the 161 neural pathway specific-tracing method (tracing the relationship between input and 162 output, TRIO 26 ). We first injected a retrograde Cre-coding lentiviral vector 163 (NeuRet-Cre 27 ) into the LH, and Cre-dependent AAV vectors encoding TVA-mCherry 164 9 / 30 and rabies G into the VON. Two weeks after the injection, we injected the modified 165 rabies virus (SAD-dG-EGFP+EnvA) into the VON (Fig. 6A ).
166
Starter cells of TVA-mCherry(+) and EGFP(+) cells were observed in the VON 167 ( Fig. 6B ). We detected EGFP-labelled cells in the OB (Fig. 6C , upper left panel),
168
confirming that the VON neurons receive direct synaptic input from the OB. AAVs encoding TVA-mCherry and rabies glycoprotein into the LH, followed by 184 injection of the modified rabies virus (SAD-dG-EGFP+EnvA) into the LH 22-25 ( Fig. 7A ).
185
Because trans-synaptic spread of the rabies virus is mediated by the rabies 186 glycoprotein 25 , we compared efficacy of retrograde labelling with and without rabies G 196 In this study, we examined the neural pathways from the olfactory cortex to the LH in 197 mice by retrograde tracing from the LH. We observed that a group of retrogradely For the lentivirus, NeuRet-Cre was packaged and concentrated to a titre of 1.1 285
Discussion
x 10 12 copies/mL as previously reported 32 .
286 287
Stereotaxic surgery 288
The stereotaxic surgeries were performed on mice aged 10-16 weeks. Mice were 289 anesthetized with a mixture of three anaesthetics (medetomidine, midazolam, and 290 butorphanol) 34 , and then placed in a stereotaxic apparatus (Narishige, SR-5M). The 291 skull above the targeted areas was thinned with a dental drill and removed carefully. surface. For the VON, we used the following coordinates: A/P, +2.0 mm and M/L, 0.8 308 mm from bregma; DV, 4.2 mm from the brain surface. Two weeks later, we unilaterally 309 injected 300 nL of SAD-dG-EGFP+EnvA using the same VON coordinates. One week 310 later, the mice were deeply anaesthetised and fixed as described below.
311
For Fig. 7 , we unilaterally injected 300 nL of 1:1:1 mixture of three AAVs We performed immunostaining for orexin ( Fig. 1A, middle) , MCH (Fig. 1A, right) , 333 DARPP-32 ( Figs. 3, 4, and 7) , EGFP (Figs. 4 and 5) , and VGluT1 (Fig. 5) as follows.
334
The dried sections were rehydrated in PBS, permeabilised in TNT (0.1 M Tris-HCl; pH, 
